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1. Introduction 

This Removal Action Work Plan (Work Plan) has been prepared on behalf of CMS 
Land Company and CMS Capital, LLC to describe the selected removal action  
activities to be completed in the southwest corner area of Village Harbor as per the 
Administrative Order on Consent for Removal Action (AOC or Order) for the Little 
Traverse Bay (LTB) Cement Kiln Dust (CKD) Release Site (Site) (Docket No. VW-05-
C-810, February 22, 2005). CMS Land Company and CMS Capital, LLC (referred to 
collectively as CMS) have agreed to carry out the activities required by the Order.  

This Work Plan describes a sediment removal action and subsequent installation of a 
cover over remaining residuals in the southwest corner area of Village Harbor, with the 
objective of mitigating elevated pH observed in the surface water in this area. The 
removal action will result in excavation and off-site disposal of approximately 580 to 
730 cubic yards (cy) of sediments and lake bed materials. 

1.1 Site Location and Description 

1.1.1 Site Location 

“Village Harbor” as used in this Removal Action Work Plan refers to the water body 
located immediately west of Resort Township’s East Park and immediately east of the 
Bay Harbor commercial district. A site location map for Village Harbor is shown on 
Figure 1-1, and a site plan for Village Harbor is shown on Figure 1-2.  

Village Harbor is a constructed surface water feature connected to Little Traverse Bay 
of Lake Michigan, and is surrounded on the south, west and north by residential, 
commercial, and undeveloped properties associated with the Bay Harbor development. 
Village Harbor contains a number of docks associated with private residences located 
north, west, and south of the harbor. Village Harbor is a portion of the Little Traverse 
Bay CKD Release Site, which is located along 5 miles of shoreline on Little Traverse 
Bay of Lake Michigan. The Little Traverse Bay CKD Release Site is approximately 5 
miles west of the City of Petoskey, and located in Resort Township, Emmet County, 
Michigan (Township 34N, Range 6W, Sections 2 through 10). 

1.1.2 Site Description 

Village Harbor is approximately 1,200 feet long and 150-200 feet wide, as shown on 
Figure 1-2. It is elongated in the east-west direction, with a western arm that becomes 
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elongated in the north-south direction. Maximum water depths on transects spanning 
the Harbor ranged from 12 to over 20 feet. The deepest part of the Harbor (the “sump 
area”) is in the central (east-west oriented) portion, where depths reach over 20 feet. 
Vehicular access to Village Harbor is via a utility road which leads to the southwest 
corner of the harbor. Access from Lake Michigan is through an approximately 150 foot 
wide boat channel on the far eastern side of the Harbor. The boat channel portion of 
Village Harbor was cut through rock as part of Bay Harbor development activities to 
allow boat access to Village Harbor. 

The southwest corner area of Village Harbor is characterized by a limited area of 
elevated-pH (greater than 9 standard units [s.u.]) in near-bottom surface water. The 
source of the elevated pH in near-bottom surface waters in the southwest corner area 
is likely to be lake bottom materials that impact surface water and/or groundwater 
venting in this area. Reactive, cement kiln dust (CKD)-like material has been observed 
in soil borings performed in the southwest corner area. The uppermost sediment in the 
southwest corner appears to be a layer of secondary precipitate which overlies a layer 
of cobble-size limestone material. This material is believed to originate from 
precipitation reactions caused by neutralization of alkaline water carrying dissolved 
solids upon mixing with surface water from Village Harbor. Section 1.3 presents a 
summary of previous investigations performed to characterize sediment and surface 
water conditions in the southwest corner. 

1.2 Site History 

Village Harbor is located on the site of an historic limestone quarry and cement 
manufacturing operation.  Historical aerial photographs from the years 1938, 1952, 
1973, 1974, and 1993 were obtained for the Village Harbor area from Environmental 
Research, Inc., by Barr Engineering (Barr) for the Summary of Current 
Conditions/Work Plan for Village Harbor (Barr, August 9, 2006). These aerial 
photographs, reproduced in this report in Appendix A, document past quarrying 
activities and development of Village Harbor.  

By 1938, the future location of Village Harbor was quarried and benched in a manner 
typical of a limestone quarry. In the 1952 photograph, the quarry sump is visible, as it is 
in the 1974, 1981, 1992 and 1993 photographs. This area coincides with the current 
Sump Area of Village Harbor. The 1974 and 1981 photographs show the current Sump 
Area containing a cloudy material. The series of photographs indicate that the Sump 
Area was periodically dredged to remove fines (cloudy material) that had drained into it 
over time. Based on recent sediment probing performed by Barr and BBL, Inc. 
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(formerly BBL, now ARCADIS BBL) the fines deposited in the former quarry sump 
were likely CKD or cement fines. Some of the historical aerial photographs show 
evidence of this material draining into the former sump from the cement plant, which 
was located approximately 500 feet to the west. 

1.3 Summary of Previous Investigations 

Previous investigations of site conditions are described in the following documents: 

• Summary of Current Conditions/Work Plan for Village Harbor (Barr, August 
9, 2006). 

• Village Harbor Proposed Removal Action Alternatives Report, Southwest 
Corner (CMS, November 7, 2006). 

• Supplemental Sediment Borings – Southwest Corner Area, Remedial 
Investigation, Village Harbor (BBL, an ARCADIS Company, December 
2006). 

Various remedial alternatives were also described and evaluated in the Village 
Harbor Proposed Removal Action Alternatives Report, Southwest Corner (CMS, 
November 7, 2006). Information contained in these reports is summarized in the 
following subsections. The Supplemental Sediment Borings report (BBL, December 
2006) is included as Appendix B. 

1.3.1 Bathymetry and Hydrodynamics 

A detailed bathymetry survey of Village Harbor, was performed by eTrac Engineering, 
LLC (eTrac) on September 9 and 10, 2006. The resulting bathymetry is shown on 
Figure 1-3, and shows that the historic “sump area” visible in historical aerial 
photographs and topographic maps remains a topographic low. Water in the sump 
area is essentially isolated from Little Traverse Bay by a sill 8 to 10 feet high. This sill 
appears to prevent frequent mixing between bottom waters in the sump area and the 
overlying water of Village Harbor, allowing stagnation of bottom waters in the sump 
area. 

As the bathymetric survey shows, Village Harbor is a relatively steep-sided and flat-
bottomed feature with the sump area forming a pronounced topographic low in its 
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central portion. Cobble-size limestone material or rip-rap material is present along 
much of the Harbor’s perimeter.  

In the southwest corner, geotechnical soil borings installed on land adjacent to the 
southwest corner indicated that there may be a “trough” feature present within the 
shallow bedrock in and near the southwest corner. This feature is likely a remnant of 
limestone mining and the trough has subsequently been partially filled, as discussed in 
Section 1.3.3.   

Due to the limited fetch within the Harbor, there is little wind-driven wave generation 
and hence energy input to the harbor is low. Typical energy inputs into the Harbor 
include water surface variations within Little Traverse Bay, waves within Little Traverse 
Bay and waves generated within the Harbor itself by wind or boats. Water surface 
elevation changes in Little Traverse Bay can cause currents in and out of the harbor to 
equalize water surface elevation within the harbor, but these water surface elevation 
changes are relatively small and therefore are not likely to create significant flows 
within the harbor. 

1.3.2 Water Column Samples 

Results of water quality surveys conducted by Barr and by the United States 
Environmental Protection Agency (USEPA) have indicated elevated pH (greater than 9 
s.u.) in some samples collected from the southwest corner of Village Harbor. The water 
column sampling conducted by Barr is summarized in the Summary of Current 
Conditions/Work Plan for Village Harbor (Barr. August 9, 2006). The water sampling 
indicates pH concentrations greater than 9.0 in some samples collected from the 
southwest corner at locations south of and adjacent to the boat dock located adjacent 
to the west shore of Village Harbor. The elevated pH readings were generally located 
within six inches to one foot from the sediment surface. 

As summarized in the Summary of Current Conditions/Work Plan for Village Harbor 
(Barr. August 9, 2006), analytical results for water column samples within the harbor 
generally indicated relatively uniform distribution of the measured parameters 
throughout Village Harbor. The only metals detected were cations typically present in 
surface waters (cations calcium, magnesium, potassium, sodium, aluminum), as well 
as a low concentration of vanadium. Total Organic Carbon (TOC) concentrations were 
relatively uniform throughout the harbor, and concentrations of humic-range organic 
compounds (as indicated by the difference between preserved and unpreserved TOC) 
were low.  
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1.3.3 Sediment Characteristics and Composition 

As summarized in the Summary of Current Conditions/Work Plan for Village Harbor 
(Barr. August 9, 2006), electron microprobe analysis indicated that the major 
constituent of all Village Harbor sediment samples was calcium carbonate. Sediment 
carbonate concentrations ranged from 37.4 to 50.0 percent by weight.  

Distinctive sediment characteristics were noted in the southwest corner of Village 
Harbor. The sediment in this area consisted of light-colored fine-grained sediment, with 
calcium carbonate (CaCO3) concentrations as high as 95 percent by weight. Based on 
the composition of the sediment in the southwest corner, calcium carbonate precipitate 
in the southwest corner appears to be occurring as a result of mixing of calcium-poor, 
carbonate-rich water with relatively calcium-rich surface water from the harbor.  

To further evaluate sediment characteristics in the southwest corner, BBL recorded the 
completion of three soil borings in the southwest corner performed using a barge-
mounted drilling rig. The methods and results of the soil boring investigation are 
summarized in Appendix B. The soil borings (locations are shown on Figure 2 of 
Appendix B) were advanced to refusal with a range of penetration below sediment 
surface (bss) of 4 to 12 feet. 

Samples collected from boring BBL-01(06) showed cobble-size limestone pieces 
intermixed with reactive material (based on observed elevated field pH readings from  
a mix of the samples with tap water). However, a distinct reactive material layer was 
not identified. Samples collected from borings BBL-05(06) and BBL-06(06) also 
showed cobble-size limestone pieces intermixed with reactive material to 
approximately 2 feet bss; although below this layer, at approximately 2 feet bss, a more 
distinct reactive material layer was identified. The 2- to 4-foot interval sample from 
BBL-05(06) also contained some sand and gravel intermixed with the reactive material. 
In boring BBL-06(06), gray sand and gravel intermixed with reactive material was 
encountered at approximately 6 feet bss. Although a soft surface sediment layer may 
be present in the southwest corner area based on descriptions provided in the Barr 
reports, this layer was not recovered in the split-spoon samples from any of the three 
borings. 

pH values of the recoverable sediment from the 0 to 2 feet sample at borings BBL-
01(06), BBL-05(06), and BBL-06(06) were 9.5, 9.9, and 10.2 s.u., respectively. The pH 
values in each of the borings from the southwest corner area increase with depth 
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below each of these samples, suggesting higher content of reactive material with depth 
in the sediments surface. 

On September 8 and 9, 2006, Barr collected 15 sediment samples from Village Harbor, 
and nine samples were transported through BBL to Materials Testing Consultants of 
Grand Rapids, Michigan for geotechnical testing. Testing performed on these samples 
included unconfined compressive strength (ASTM D 2166), slump tests (ASTM C 143), 
grain size (ASTM D 422), shear strength (ASTM D 3080), consolidation (ASTM D 
2435) and bulk density (ASTM D 2937). A sample location map and the geotechnical 
laboratory reports are presented in Appendix C. The geotechnical test results indicate 
that the sediment is comprised of predominantly silt- and clay-size particles (generally 
over 90 percent passing the No. 200 sieve), with a small percentage of sand- and 
gravel-sized material. Dry densities ranged from approximately 21.0 to 81.1 pounds 
per cubic foot (pcf) and initial water content ranged from 40.0 to 259.5 percent. Wet 
densities ranged from 75.6 to 113.4 pcf. Direct shear testing performed on three 
samples indicated cohesive strength ranging from 0 to 111 pounds per square foot 
(psf) and an internal friction angle of 30.3 to 31.5 degrees. Unconfined compression 
testing performed on five samples indicated an undrained shear strength ranging from 
0.34 to 1.15 pounds per square inch (psi), which is equivalent to approximately 49 to 
166 psf. Consolidation testing performed on three samples indicated that the 
compression index ranges from 0.34 to 1.30. These results indicate that the sediment 
is a low-strength, compressible material that derives most of its strength from internal 
friction.   

1.4 Conceptual Model 

Results of the previous sediment investigations indicate that the subsurface materials 
in the southwest corner consist of a mix of cobble-size limestone pieces, fine-grained 
sediment, reactive material, and broken concrete mostly overlain by the soft sediment 
described above. This soft sediment is likely a secondary precipitate, which appears 
to be caused by contact between the lake water and the underlying reactive material. 
Some, but not all, of the soil borings conducted in the southwest corner indicated the 
presence of reactive material below the surface layer. 

Surface water sampling has indicated pH measurements greater than 9.0 s.u. in some, 
but not all, water samples collected near the southwest corner. The elevated pH 
readings were generally located within six inches to one foot from the sediment 
surface. 
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The proposed removal action presented in this report is designed to address elevated-
pH readings collected in the southwest corner through a limited removal, backfill, and 
cover of sediments that contain reactive material imparting elevated pH to surface 
waters in the southwest corner. 
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2. Selected Remedy and Performance Standards 

Section 121(d) of CERCLA requires that Superfund remedial actions at least attain 
legally applicable or relevant and appropriate requirements (ARARs), both federal and 
state, unless they are waived under CERCLA 121(d)(4).The AOC requires that CMS 
perform all actions required pursuant to the Order in accordance with all applicable 
local, state, and federal laws and regulations except as provided in Section 121(e) of 
CERCLA, 42 U.S.C. §6921(e), and 40 CFR §300.4000(e) and 300.415(j). The Order 
requires that CMS identify the specific ARARs for the Site under federal law.  The 
objective of this section is to identify the substantive requirements based on federal 
and state requirements, as well as the location-specific, action-specific, and chemical-
specific ARARs and how these ARARs will be addressed by the selected remedy. 

2.1 Compliance with ARARs 

Site ARARs were evaluated in the Village Harbor Proposed Removal Action 
Alternatives Report, Southwest Corner (CMS, November 7, 2006), and a summary of 
the ARAR evaluation is reproduced in this section. The identification of ARARs was 
performed to establish those state and federal regulations that are potentially 
applicable to the investigation and the remediation of a site.  

ARARs for this Removal Action Work Plan include the substantive requirements of the 
MDEQ and United States Army Corner of Engineers (USACE) Joint Permit, including 
the following relevant substantive State and Federal requirements (not all of the 
requirements of the Joint Permit are relevant to this Removal Action Work Plan). 
Substantive relevant State requirements flow from Michigan’s Natural Resources and 
Environmental Protection Act , 1994 PA 451 as amended (NREPA). 

Federal Requirements: 

• The Nationwide Permit 38 

• Section 10 of the 1899 Rivers and Harbors Act 

• Section 404 of the 1977 Clean Water Act 

State Requirements: 

• Part 325, Great Lakes Submerged Lands 
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• Part 31, Water Resources Protection 

• Part 91, Soil Erosion and Sedimentation Control (SESC) 

• Part 201, Environmental Remediation 

2.1.1 Location-Specific ARARs 

Location-specific ARARs are those that generally restrict certain activities or limit 
concentrations of hazardous substances solely because of geographical or land use 
concerns. The only identified location-specific ARAR is the location of the project area 
within the “Property” identified in the AOC, signed February 2005. The selected 
remedy is compliant with the AOC as site security and access restrictions are currently 
in place in the southwest corner area and access restrictions will be maintained until 
the completion of the remedial action. 

2.1.2 Action-Specific ARARs 

Action-specific ARARs are those that may place restrictions on the conduct of 
remediation activities or the use of certain technologies. Action-specific ARARs for the 
proposed work include: 

• Nationwide Permit 38, NREPA Part 325, and NREPA Part 31 requirements 
related to permits for activities that occur below the Ordinary High Water Mark 
(OHWM) or the 100-year floodplain, respectively. The substantive 
requirements of these permits are documentation of excavation and fill 
activities. The proposed construction will not result in bottom contours at 
higher elevations than exist currently, no permanent structures (other than 
backfill material) will be installed, crane mats will be used to reduce shoreline 
disturbance if necessary, and appropriate shoreline stabilization measures will 
be installed, satisfying these ARARs. 

• Nationwide Permit 38 and NREPA Part 91 SESC requirements address soil 
erosion and sedimentation issues. Compliance with SESC permit 
requirements will be achieved through the use of temporary erosion and 
sedimentation control measures during and following construction. Installation 
of a turbidity barrier around the excavation area will minimize impacts to 
surface water quality outside the excavation area. 
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2.1.3 Chemical-Specific ARARs 

• Nationwide Permit 38 (and included regulations) and NREPA Part 31 address 
water quality impacts of construction projects. The erosion and sedimentation 
control measures which will be employed during construction activities will 
provide for minimal impact to surface water quality (satisfying a provision of the 
Nationwide Permit 38 pertaining to Section 401 Water Quality Certification). As 
described in Section 4.7, water quality monitoring will be performed for turbidity 
and pH outside the turbidity barrier during construction activities to assess the 
effectiveness of these measures. 

NREPA Part 31 R 323.1092 states that water quality standards will apply for 
disposal of dredge spoils in unconfined waters of the State. For this remedial 
action, dredge spoils will be dewatered and removed from the Site. Therefore 
this portion of R 323.1092 is not applicable because no dredge spoils will be 
returned to unconfined waters of the State. 

Temporary exceedances of water quality standards within the enclosed area 
during removal are unavoidable and are expected to occur. However, surface 
water quality criteria within the limits of excavation are not considered ARARs 
based on the numerous precedents for such projects approved by the USEPA 
and the State of Michigan. NREPA Part 31 R 323.1092, “Applicability of water 
quality standards to dredging or construction activities” states that water quality 
standards shall not apply to dredging or construction activities when the 
activities are authorized by the USACE. This project will not commence until 
USACE concurrence has been obtained. The remedial action as designed 
satisfies ARARs pertaining to surface water quality. 

• Water quality impacts associated with placement of fill material is also an 
ARAR under Section 404 of the Clean Water Act (and included regulations) 
and NREPA Part 31. Clean earthen materials and engineered fill materials will 
be used for backfill in the removal area.  

• Part 201 of Michigan NREPA, Environmental Remediation: construction 
workers involved in the excavation are potentially exposed to reactive 
materials such as CKD. Exposure to CKD and other reactive materials is 
addressed through the HASP and the project approach. The selected remedial 
action also meets the criteria of R 299.5730, which applies to surface water 
and sediments. Specifically, Subpart O prohibits “unacceptable risk to human 
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contact”. The remedial action will achieve compliance with the standards by 
preventing direct contact with elevated-pH water and sediment through the 
removal of the sediment and placement of an engineered cover over residual 
material. 

2.2 Summary of Remedy Components 

The major components of the selected remedy, sediment removal with engineered 
cover over residuals, include the following: 

• Removal of approximately three feet of sediment over an approximately 65- 
foot by 35-foot area in the southwest corner of Village Harbor along the 
existing submerged slope (southwest corner area), removal of two feet of 
sediment in an area of approximately 80 feet by 35 feet located immediately 
north of the southwest corner (beach restoration area), and removal of two feet 
of sediment in an area of approximately 60 feet by 30 feet in the vicinity of the 
“horseshoe-shaped” dock (dock area). 

• If, after the removal of three feet of sediment in the southwest corner area, 
reactive material is observed at the bottom of the excavation at any excavated 
location, up to two additional feet of sediment may be removed, for a total 
excavation depth of up to five feet. Additional removal will be performed only if 
a slope stability analysis indicates that the additional removal can be 
performed with an adequate factor of safety. 

• Onsite gravity drainage of the excavated material in a lined and bermed 
staging area.  The excavated sediment may be allowed to drain within roll-off 
containers or may be placed directly on the staging area. Once the excavated 
material has dewatered sufficiently to allow off-site transport (i.e., material 
passes paint-filter test), the material will be transported to an off-site Class II 
landfill for disposal. 

• The staging/dewatering area will be graded to drain toward a collection sump 
and use natural filtration by sand and straw bales (or equivalent fibrous 
material) to remove fines from any decant water or stormwater that drains from 
the area. The decant water or stormwater that accumulates in the collection 
sump will be tested for pH and turbidity prior to being pumped into the harbor 
within the area enclosed by the turbidity barrier. If necessary, pH adjustment or 
filtration will be performed in the collection sump as described in Section 4.5 if 
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the decant water has a pH of greater than 9 s.u. or turbidity greater than 25 
nephelometric turbidity units (NTU). 

• Placement of an engineered cover over the residual materials in the 
excavation area, which will also restore the lake bottom to its approximate 
original elevation. The cover will consist of the following materials, ordered 
from top to bottom: 

o Shoreline rip rap (D50 greater than 4½-inches) in the area south of the 
residential property, extending from an elevation of 576 feet to an 
elevation of approximately 579 feet at the toe of the bank. 

o Minimum one-foot thick gravel bioturbation layer in the southwest 
corner and dock area with a minimum one-foot thick sand layer 
underlying the gravel cover. 

o Minimum two-foot thick sand cover in the beach restoration area from 
an elevation of 569 feet to an elevation of approximately 578 feet 
adjacent to the edge of the lawn of the residential property. 

o Geosynthetic clay liner (GCL), to be installed under the upper two feet 
of cover material in all areas. 

o Mixed granular fill below (e.g., sand) the GCL in the southwest corner 
area to provide a base for placement of the GCL and provide a 
thickness sufficient to restore the excavation area to approximately 
two feet below its original elevation (approximately 0 to 3-foot thick 
layer of granular fill, depending on total depth of material removed). 

• Post-construction monitoring for pH will be conducted quarterly at locations 
over and around the edges of the residuals cover placed in the southwest 
corner, beach restoration area, and dock area. Post-construction monitoring 
will be performed as described in Section 4.9. 
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3. Project Organization 

The anticipated project organization, including key personnel and descriptions of duties 
and responsibilities for the RA program, is provided below. 

3.1 USEPA 

USEPA will serve as the lead regulatory agency for implementation of the removal 
action. If field conditions observed at the Site at the time of construction warrant 
modifications to the proposed Removal Action, USEPA may be consulted on field 
decisions. The USEPA Project Manager will be responsible for providing and 
coordinating regulatory oversight and direction. 

3.2 MDEQ 

MDEQ will provide guidance on this Removal Action Work Plan with regard to 
sediment and water management issues. 

3.3 ARCADIS 

ARCADIS will provide any additional design for the selected remedy not included in 
this Removal Action Work Plan and prepare final design deliverables if necessary.  

ARCADIS will implement Removal Action activities for the southwest corner. ARCADIS 
will provide full-time engineering observation services for the duration of the removal 
activities to document that activities are conducted in accordance with this Removal 
Action Work Plan and associated plans submitted by the Remediation Contractor. 
ARCADIS will certify that the construction was completed in substantial conformance 
with the approved Removal Action Work Plan, and/or approved field changes. In 
addition to oversight and final engineering certification, ARCADIS will produce the site-
specific HASP for the project. 

3.4 Remediation Contractor 

The Remediation Contractor selected for this project will provide services associated 
with sediment dewatering area construction, support facilities and access road 
construction, sediment excavation, cover placement, water monitoring, emergency spill 
response services (if necessary), and management of waste transport and disposal. 
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The Remediation Contractor may retain various subcontractors to complete the project, 
if necessary. 
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4. Removal Action 

The general Removal Action tasks and the specific activities involved with 
implementing the selected remedy are described below. 

4.1 Major Construction Tasks 

More detailed information on the construction tasks and other related field activities, 
including quality control measures and post-remediation monitoring is provided in the 
following sections. These activities include the following: 

• Mobilization and Site Preparation 

• Turbidity Barrier Installation 

• Sediment Excavation and Dewatering 

• Residuals Cover Construction 

• Construction Monitoring 

• Decontamination and Site Restoration 

• Post-Construction Monitoring 

Prior to implementing the Removal Action, ARCADIS will procure a Removal Action 
contractor (Contractor) to perform the work and will provide an on-site representative 
throughout the Removal Action to observe and document the remedial activities. 

4.2 Pre-Mobilization Activities 

Before mobilizing to the Site, several activities will need to be completed, including 
obtaining the necessary permits, establishment of survey control and location of key 
features, clearing utilities, and preparing/submitting the required pre-mobilization 
submittals. These activities are discussed in more detail below. 
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4.2.1 Permits and Approvals 

Consistent with the CERCLA Section 121(e)(1), because all removal activities will be 
conducted on-site and consistent with the AOC, permits are not required. Substantive 
requirements will be achieved to the extent practicable, consistent with this Work Plan. 

4.2.2 Baseline Survey 

A State of Michigan-registered professional surveyor will complete a pre-excavation 
survey to perform a general site layout using State Plane or International Great Lakes 
Datum (IGLD) coordinates and verify and stake out the excavation, sediment staging 
area, or other engineering control limits. The surveyor will record existing elevations at 
the provided control points. All control points will be maintained during the Removal 
Action, and control points that are damaged or removed during the Removal Action will 
be re-established promptly. 

4.2.3 Utility Clearance 

Prior to commencement of construction activities, the Contractor shall notify Michigan’s 
One-Call Utility Notification Organization, and on-site underground utilities will be 
marked in the work areas. Underground and above ground utilities that could affect or 
be affected by construction activities will be identified prior to the initiation of intrusive 
soil activities. Locations of the utilities will be marked out by each utility company or 
their independent contractor. When utility locations are identified, the utility companies 
will review the locations and determine if the utilities will conflict with the proposed 
construction plans. If utility conflicts are identified, the Contractor and the appropriate 
utility company will discuss the actions required to resolve the conflict. 

4.3 Mobilization and Site Preparation 

Prior to initiating construction, the Contractor will perform mobilization and site 
preparation activities. At a minimum, it is anticipated that the following site preparation 
remedial activities will be performed: 

• Verify existing site condition, conduct pre-mobilization site inspection, and 
locate all water intake and outfall pipes located in the future sediment removal 
area. 

• Mobilize personnel, equipment and materials to the Site. 
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• Install temporary construction fencing or barriers as necessary to protect and 
secure the work area. 

• Establish erosion and sedimentation control measures, including temporary re-
routing of cooling water/surface drainage water outfall pipes and surface water 
intake pipes to outside the work area if necessary. 

• Construct temporary access roads (as needed) for ingress and egress of 
construction equipment as well as off-site transportation of excavated 
materials. 

• Prepare equipment decontamination area. 

• Install a turbidity barrier around the sediment removal area. 

• Construct a staging area for temporary placement of containers holding 
sediment during dewatering, or for direct placement of the sediment. This area 
will be lined with a synthetic liner. 

• Construct a temporary working platform a safe distance from the shoreline to 
provide a level and stable working area for a crane to remove and replace 
containers from the barge, if applicable. 

4.4 Turbidity Barrier Installation 

A turbidity barrier will be installed around the perimeter of the excavation area, as 
shown in Figure 4-1. The turbidity barrier will consist of a curtain of impermeable 
polyvinyl chloride (PVC)-coated polyester base fabric suspended from the water 
surface with 8-inch diameter floats and anchored to the sediment surface using a 
galvanized steel ballast chain connected to the bottom of the turbidity barrier. The 
turbidity barrier will be anchored to the shore at each end of the excavation area. 

Exchange of water across the turbidity barrier is expected to be predominantly inward 
due to the removal of material from within the area enclosed by the turbidity barrier. 
Cooling water/surface drainage water outfall pipes are present within the area to be 
enclosed by the turbidity barrier, and these pipes will be re-routed around the work 
area. Sand bags will be used to create a sump at the outfall discharge point, and water 
will be pumped from this point to a discharge point outside the enclosed area.  
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The southwest corner of Village Harbor is typically characterized by quiescent water. 
However, small waves in the harbor and water level changes on Little Traverse Bay 
may impart forces on the turbidity barrier. The effectiveness of the turbidity barrier 
could potentially be impacted by turbulence caused by storm water discharge (at a 
discharge point outside the turbidity barrier), wind, or boat traffic. Storm water 
discharge or windy conditions affecting the turbidity barrier will be temporary in nature, 
and no boat traffic is anticipated in Village Harbor during the remediation work. 

The turbidity barrier will be inspected twice daily throughout the duration of the 
remediation work. In addition, field measurements of the surface water pH and turbidity 
outside the turbidity barrier will be collected as described in Section 4.7 to monitor the 
effectiveness of the turbidity barrier.  

4.5 Sediment Excavation and Dewatering 

Sediment excavation will be performed in the areas identified on Figure 4-1, utilizing an 
excavator or similar equipment operating from a barge or from a constructed platform. 
Excavation from the top of bank using an extended-reach excavator was evaluated 
and determined to be potentially unsafe. The analysis performed for this scenario is 
described in Section 4.6.4.1 and would apply to some, but not all, areas located along 
the immediate top of bank. Excavation from the bank may still be possible with 
constructed pads or crane mats placed at a distance from the excavation slope. If this 
approach is proposed by the selected contractor, stability analyses will be performed to 
evaluate the safety of the approach prior to implementation  

Excavation will begin near the water’s edge and progress across the bank and then 
down the slope, with approximately three feet of sediment/bank material removed in 
the southwest corner area and approximately two feet of sediment removed in the 
beach restoration and dock areas. Excavation will be performed at a 1 horizontal to 1 
vertical slope (1:1), unless otherwise determined as unsafe during the detailed design 
phase. 

If reactive material is encountered in the southwest corner area during excavation, up 
to two feet of additional excavation may be performed in the area if a slope stability 
analysis indicates that the additional removal can be performed with an adequate 
factor of safety. Reactive material will be identified through visual observation and 
mixing sediment samples with distilled water and recording the pH of the mixture.  
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The estimated volume of sediment to be excavated is approximately 580 to 730 cy, 
subdivided into three areas as follows: 

• Southwest corner area – 220 to 370 cy, depending on the depth of excavation 

• Beach restoration area – approximately 230 cy 

• Dock area – approximately 130 cy 

The material removed will be deposited into containers constructed with a drainage 
collection system in the bottom or placed directly in a lined staging/dewatering area 
constructed near the top of bank. If containers are utilized, a geotextile will be placed in 
the container prior to placing sediment in the container to provide filtration. As 
containers fill, they will be removed by a crane operating from a pad constructed on the 
bank. The containers will be placed in a temporary staging/dewatering area 
constructed near the equipment pad, as shown on Figure 4-1. The sediment will be 
allowed to consolidate within the containers and free water will be drained, after which 
a paint filter test will be performed. If the material requires stabilization prior to 
transport, it will be mixed with a water-absorbing amendment such as saw dust, straw, 
wood chips, etc. by adding the material to the container and mixing.    

If the material removed is deposited directly onto a staging/dewatering area, the area 
will be constructed with perimeter berms, an impermeable liner and overlying sand 
drainage layer. The staging/dewatering area will be approximately 30 feet by 50 feet 
and will be graded to drain toward a collection sump. The staging area is shown in plan 
view on Figure 4-1, and a cross section through the staging area is shown on Figure 4-
2.  The staging area will use the filtration of the sand drainage layer and natural 
filtration (i.e., straw bales or equivalent) at the lowest point of drainage to remove fines 
from any decant water or stormwater that drains from the area. The filtered water will 
drain to a collection sump area sized to accommodate the volume of water expected 
from an estimated daily production rate of 200 cy of sediment. Based on the 
geotechnical test results obtained for water content of the sediment, this volume of 
water is estimated to be less than 5,000 gallons per day. Therefore, a sump with 
dimensions of 30 feet long by 7 feet wide by 4 feet deep will be constructed adjacent to 
the staging area to accommodate approximately 5,000 gallons per day of water. 

The decant water that accumulates in the sump will be tested for pH and turbidity prior 
to being returned to the harbor. Turbidity is being tested as a proxy for total suspended 
solids (TSS) that can be monitored in real-time in the field. If the pH is 9 s.u. or higher 
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or the turbidity exceeds 25 NTU, the decant water will be treated to lower the pH into 
the range of 6 to 9 s.u. or the turbidity below 25 NTU as appropriate prior to discharge. 
Measures to reduce the pH or turbidity may include acid dosing of decant water within 
the sump withdrawing water from the sump to a water mixing tank for pH adjustment, 
or TSS removal via bag filtration or addition of an approved water treatment polymer. 
After the water meets the discharge criteria of 25 NTU and pH in the range of 6 to less 
than 9, the water will be pumped into the harbor within the area enclosed by the 
turbidity barrier.  

Stormwater that contacts the sediment will also drain to the sump and will be analyzed 
for TSS and pH prior to discharge to the harbor. A two-inch rainfall would result in 
approximately 1,870 gallons of water potentially draining to the 5,000-gallon sump from 
the 1,500 square foot staging area.  

Dewatered sediment will be tested using the paint filter test. If the sediment has 
sufficiently dewatered to pass this test, it will be loaded into sealed roll-offs or trucks 
with lined beds and hauled off-site to a Type II landfill (Waters Landfill in Waters, 
Michigan) for disposal by a licensed waste transporter. All sediment disposed off-site 
will be documented by a waste manifest and gate receipts for the tonnage received at 
the landfill. 

4.6 Residuals Cover and Final Elevations 

Following excavation of sediment and/or bank material from the southwest corner, 
beach restoration area, and dock area, the remaining residuals (if any) will be covered 
to provide isolation and separation of the residual material from the surface water in the 
harbor. The material isolation and separation will be provided through the installation of 
a combination low permeability and granular material cover comprised of the following 
components (from top to bottom): 

• Shoreline rip rap (D50 greater than 4½-inches) in the area south of the 
residential property, extending from an elevation of 576 feet to an elevation of 
approximately 579 feet at the toe of the bank. 

• Minimum one-foot thick gravel bioturbation layer in the southwest corner and 
dock area with a minimum one-foot thick sand layer underlying the gravel 
cover. 
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• Minimum two-foot thick sand cover in the beach restoration area from an 
elevation of 569 feet to an elevation of approximately 578 feet adjacent to the 
edge of the lawn of the residential property. 

• Geosynthetic clay liner (GCL), to be installed under the upper two feet of cover 
material in all areas. 

• Mixed granular fill below (e.g., sand) the GCL in the southwest corner area to 
provide a base for placement of the GCL and provide a thickness sufficient to 
restore the excavation area to approximately two feet below its original 
elevation (approximately 0 to 3-foot thick layer of granular fill, depending on 
total depth of material removed). 

This cover will be installed to replace the material removed, and the final surface will be 
at approximately the same elevations indicated on the current bathymetry. No increase 
will occur in the lake bottom elevation or shoreline elevation relative to pre-removal 
elevations. The cover will be constructed over the area shown on Figure 4-3. 

Cross sections through the cover in the three areas, showing the approximate 
thickness and extent of each layer and final elevations, are shown on Figures 4-4 
through 4-6. As indicated on these figures, an approximate two- to five-foot thick cover 
will be installed to replace the material to be removed, with a thickness of one to three 
feet of mixed granular fill undernearth the GCL in the southwest corner area, 
depending on the depth of the excavation. All cover construction activities will be 
performed in accordance with the detailed plans and specifications developed for the 
project. 

4.6.1 Mixed Granular Fill 

In the southwest corner area, mixed granular fill consisting of sand and gravel will be 
installed below the GCL and above the sediment in the amount necessary to return the 
sediment surface to its pre-excavation elevation, minus two feet. A geotextile layer will 
be installed between this mixed granular fill layer and underlying sediment to provide 
separation, prevent migration of fines from the sediment into the granular fill layer, and 
provide improved strength for bridging over the sediment. The mixed granular fill will be 
installed in thin lifts (of approximately 3 inches) over the entire surface area. 
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The thickness of the mixed granular fill will be from one to three feet, depending on the 
depth of excavation performed. The final surface of this fill will be no steeper than a 4 
horizontal to 1 vertical (4:1) slope. During installation of this material, surface elevations 
will be monitored periodically to verify that the desired slope and material thickness is 
achieved. 

4.6.2 Geosynthetic Clay Liner 

The GCL, the low permeability component of the cover, will be installed to the limits 
indicated on Figure 4-3 for all three areas. The GCL will consist of a bentonite clay 
layer sandwiched between two nonwoven geotextile layers, needle-punched together 
to provide enhanced strength and containment of the clay. The GCL will be deployed in 
panels using a small barge with a spreader bar or by pre-cutting smaller panels and 
placing them by hand from boats. Formwork may also be used to lower the panels into 
place. The GCL will be positioned as it is lowered into place, and adjacent panels will 
be overlapped. 

4.6.3 Sand and Gravel 

The sand and gravel layers will provide increased separation between any remaining 
reactive material and surface water in the harbor. The sand will be installed in thin lifts 
of approximately three inches each to provide continued stage loading and gradual 
consolidation of any underlying soft sediment. A minimum thickness of one foot of sand 
will be installed over the entire area, and an additional foot of sand will be installed in 
the restored beach area. The sand will be installed using a spreader device (or similar 
equipment) mounted on a barge to disperse the sand through the water column. Sand 
layer elevations will be surveyed periodically to identify areas in need of additional fill. 

The gravel layer will be installed in lifts of three to four inches and to a minimum of one 
foot in thickness. The gravel will extend over the entire cover area, with the exception 
of the restored beach area, and final elevation will match the existing bathymetry at the 
edges of the cover area. This layer will provide a bioturbation layer and protection 
against erosive forces from waves and boat propeller action. Based on the analysis for 
design of the armoring system, provided in Appendix D, a large gravel (e.g., D50 
greater than ¾-inch) should be sufficient to provide protection against propeller action 
from small recreational watercraft in all areas where the harbor is at least 10 feet deep 
and boat traffic is anticipated. However, along shallow bank areas a small to medium 
rip rap (e.g., D50 greater than 4½-inches) is recommended if boats will be operating 
next to docks in less than 8 feet of water.  Shoreline rip rap will also be installed over 
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the gravel layer in the southwest corner area, to provide additional protection from 
wave action. 

In addition to the other functions identified, the combined sand, gravel, and rip rap 
(where present) layers will provide ballast for the GCL installed below the sand layer, 
which may be subject to hydraulic uplift forces. Rip rap placed along the shoreline and 
bottom of slope area would also provide an improved factor of safety against slope 
instability, as described below. 

4.6.4 Excavation and Cover Slope Stability Analysis Results 

Slope stability analyses were performed for the bank slope with the excavation 
completed to a depth of three to five feet and for the cover system constructed as 
described in the previous section. The analyses were performed utilizing WinStabl 
(Bosscher, P. and Betkas, H., University of Wisconsin – Madison, 2001) to model 
potential circular and block failure modes for the short-term and long-term condition. 
This program calculates a factor of safety against instability of a slope using an 
adaptation of the Janbu and Modified Bishop Method (2-diminsional method of slices), 
which allows for analysis assuming surfaces of general shape. A factor of safety less 
than one indicates that failure is likely. For short term analyses, a factor of safety of 
1.25 is acceptable, and for long-term analyses a factor of safety of 1.5 is considered 
acceptable. 

4.6.4.1 Excavation Slope Stability 

The general slope profile at the steepest (most critical) section was plotted with 
coordinates for input into the WinStabl program, along with the known and/or assumed 
stratigraphy. The soil strength parameters assigned to each soil strata included in the 
analyses for the bank excavation are presented in Appendix E. 

Circular failure analyses were performed for the excavation slope with and without the 
surcharge loading of an excavator on the bank. For the cases with a long-reach 
excavator added, static loading was modeled. The static load used was the distributed 
load of a Caterpillar 385C L Hydraulic Excavator with a reach of 38 to 56 feet, 
depending on depth. This static load was equal to 5,080 pounds per square inch with 
heavy loading, and was placed near the top of the bank slope. This load is simply the 
dead weight of the equipment. As the equipment begins to move, it also introduces 
dynamic loading similar to the movement experienced during an earthquake which is 
modeled as horizontal acceleration equal to 0.1 times the force of gravity (0.1 g). The 
results of these analyses are summarized below on Table 1. 
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Table 1 

Bank Excavation Slope Stability Results 

Analysis 
Description 

Load 
Imposed 

Failure 
Mode 

Most 
Critical FS 

Comments 

3’ Deep 
Excavation  

None Circular 1.20 Acceptable, but 
lower than desired 

Excavation Slope 
– Static Load 

Excavator 
dead weight 

Circular 0.77 Slope failure 

Excavation Slope 
– Dynamic Load 

Moving 
Excavator 

Circular N/A Not analyzed since 
static load failed 

 

The analyses are presented in Appendix E, and include a description of the input 
parameters and output files, and a graphical presentation of the ten most critical failure 
surfaces generated for each model run. The results indicate that the maximum 
excavation depth should not exceed three feet in the area analyzed, and a three-foot 
deep excavated slope will not fail provided heavy equipment is not operating just 
above the excavation. However, if a long-reach excavator is positioned to excavate 
from the bank, the weight and operation of the equipment will likely cause a slope 
failure and an unsafe condition. It is therefore recommended that excavation be 
performed from a barge using a smaller hydraulic excavator, or that equipment be 
sized with greater reach and located a greater distance from the top of slope if 
excavation from the bank is considered. For the latter case, stability analyses should 
be performed by the contractor for any configuration proposed with equipment 
operating on the bank before excavation is performed. 

4.6.4.2 Cover Slope Stability – Short-Term Analyses 

The same general slope profile and stratigraphy used for the excavation slope stability 
analyses, with the addition of the cover layers, was used to model the short-term 
stability of the slope following cover construction. Strength parameters assigned to 
each soil strata and cover layer are described in Appendix F. 

Hundreds of trial failure surfaces were generated to evaluate the slope stability for 
block and circular surface failure modes. The ten most critical surfaces are presented 
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graphically in Appendix F along with the input and output files for each model run. The 
most critical factor of safety for each failure mode is shown on Table 2 below. 

Table 2 

Southwest Corner Cover Slope Stability Results – Short-Term Analyses 

Analysis Description Most Critical FS Comments 

Block Failure 1.48 Acceptable 

Circular Failure 1.20* Lower than desired 

*This failure surface is actually a failure through the natural bank slope rather than through the cover. 

It should be noted that the most critical failure surfaces generated for the circular failure 
mode were failures within the natural topography just above the cover. Since the 
section modeled is of limited extent laterally, the severity of the slope at that location 
will be mediated by the gentler slopes located on either side of the steep area. The 
failure surfaces generated within the constructed cover had approximately a 1.5 factor 
of safety or higher, which is acceptable. If rip rap is placed along the toe and bottom of 
slope, it will increase the factor of safety against failure by providing more resisting 
force at the toe. 

4.6.4.3 Cover Stability Analyses – Long-Term Analyses 

Since long-term stress on the GCL could lead to creep deterioration of the needle-
punched reinforcement fibers, the cover stability analyses were performed for the 
same cover profile and soil strengths assumed for the short-term analyses described in 
the previous section, with the exception that the GCL strength was reduced to zero 
cohesion and a residual friction angle of 8 degrees. Both circular and block failure 
surfaces were generated, and the ten most critical surfaces are presented graphically 
along with the safety factors achieved for each run in Appendix G. The results are 
summarized on the following Table 3. 
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Table 3 

Southwest Corner Cover Slope Stability Results – Long-Term Analyses 

Analysis Description Most Critical FS Comments 

Circular Failure 1.41* Lower than desired 

Block Failure 1.74 Acceptable 

*This failure surface is actually a failure of the natural bank slope rather than through the cover. 

The most critical surface had a factor of safety of 1.41 in a circular mode, but this 
surface is associated with the local topographic feature noted previously. This localized 
section of steep slope (approximately 2:1) is of limited extent and is more severe than 
the adjacent slope areas. Therefore, most of the southwest corner area would likely 
have a factor of safety greater than 1.5 for this type of failure. The factor of safety for 
the most critical block failure surface was 1.74, and when the search was limited to the 
cover area only, the minimum factor of safety achieved was 2.37. These factors of 
safety are acceptable for the long term stability of the cover. 

4.7 Construction Monitoring 

During construction activities, surface water in Village Harbor will be monitored for pH 
and turbidity to assess the performance of the turbidity barrier, installed as described in 
Section 4.4. The surface water monitoring will occur at three locations immediately 
outside of the turbidity barrier. Samples will be collected at these locations twice daily 
(in the morning and afternoon) during work activities. Field measurements for pH will 
be conducted using a YSI 600R probe or equivalent. Turbidity monitoring will be 
performed using a Hach 2100P portable turbidimeter or equivalent. Samples will be 
collected from the mid-point of the water column at these locations. 

If monitoring results indicate a pH greater than 9.0 s.u. or a turbidity of 25 NTU outside 
of the area enclosed by the turbidity barrier, an assessment will be performed to 
identify the cause of the monitoring result and identify corrective measures. If pH does 
not return to less than 9.0 s.u. or turbidity return to less than 25 NTU within three hours 
of the monitoring result, or if pH becomes greater than 10.0 s.u. or turbidity greater 
than 50 NTU, work activities will be suspended. Monitoring for pH and turbidity at these 
locations will continue, and work activities will not resume until pH is measured below 
9.0 s.u. and the turbidity level is measured below 25 NTU at the monitoring location. 
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If elevated pH conditions persist outside the area enclosed by the turbidity barrier, 
additional measures may be taken in the work zone to reduce the pH of the surface 
water. These measures may include acid dosing of surface water in the work zone or 
withdrawing water from the area to a water mixing tank for pH adjustment and return of 
the water to the work zone. 

4.8 Decontamination and Site Restoration 

Decontamination of vehicles and equipment decontamination will consist of pressure 
washing the tires and wheel wells or tracks of the equipment. The sides of vehicles and 
equipment leaving the site will be visually inspected, and soiled equipment will be 
steam cleaned or pressure washed prior to the vehicle or equipment leaving the site. 
The wash water will be collected, filtered, and discharged to Village Harbor. Filtering 
will be performed using natural materials, such as filtering through straw bales or wood 
chips. 

Following sediment excavation and covering activities, soil on the shoreline disturbed 
to create the sediment dewatering area and work platform will be re-graded to as close 
as practicable to its original elevation. If re-grading is insufficient to restore the original 
elevation of the shoreline areas, imported backfill will be placed and compacted to 
restore the ground surface within the shoreline area to approximate preremediation 
conditions. Ground surface restoration will include seeding of the disturbed areas. 

Backfill from off-site sources will be sampled and analyzed to confirm that the proposed 
materials are free of contaminants and suitable for their intended use as backfill. At a 
minimum, proposed backfill and topsoil source(s) will be sampled and analyzed for 
volatile organic compounds, semi-volatile organic compounds, PCBs, pesticides, 
herbicides, and metals. In lieu of the analytical sampling and testing, the Contractor will 
be allowed to provide two copies of certified test results from a recent sampling event 
from the borrow source, or a certification from the borrow source that the material is 
virgin, uncontaminated material. 

4.9 Post-Construction Monitoring 

Post-construction monitoring will be performed quarterly following the completion of the 
remedial action. Twenty locations located over and around the edges of the residuals 
cover will be monitored for pH (Figure 4-7). Water samples will be collected from the 
lowest one foot of the water column and the middle of the water column at each 
monitoring location. If results of the field monitoring indicate any pH measurements 



g:\common\22816\11 draft reports and presentations\vh rap\sw corner rap\rap southwest corner - draft 010708.doc 28 

 
Removal Action Work 
Plan 

Village Harbor Southwest 
Corner 
 

DRAFT FOR FEDERAL AND STATE REVIEW 

greater than 9.0 s.u., step-out monitoring will be performed to define the limits of pH 
greater than 9.0 s.u..  

Samples will be field-measured for pH (using a YSI 600R probe or equivalent). The 
results of the field monitoring will be reported to the U.S. EPA and the MDEQ within 30 
days of each monitoring event. If the four quarterly monitoring events indicate that pH 
sample results are less than 9.0 s.u., post-construction monitoring will be discontinued. 
If the quarterly monitoring results indicate pH sample results greater than 9.0 s.u., an 
assessment will be performed to evaluate the source of the elevated pH. Results of the 
assessment will be used to develop an approach to address the pH results in 
consultation with the USEPA, which could entail further monitoring.  
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1. Introduction 

1.1 Background 

As presented in the Village Harbor Proposed Removal Action Alternatives Report-Southwest Corner 

Alternatives Analysis report (Barr, 2006a) sediment sampling was completed in Village Harbor using manually-

pushed core samplers and surface sediment grab samples. The methods used were presented in the document 

entitled Summary of Current Conditions/Work Plan for Village Harbor (Remedial Investigation [RI] Workplan) 

(Barr, 2006b). Soft surface sediment samples were collected in the southwest corner area and the sump area 

(Figure 1), but the sampling effort was not successful in collecting deeper coarse or hardened materials.  Only 

surface grab samples of soft surface sediments in the southwest corner area were recovered. No cores were 

advanced in the southwest corner area due to the presence of very coarse sediments below the soft surface layer.   

Upon completion of the field sampling activities described in the RI Workplan (Barr 2006b), and as presented in 

the alternatives analysis (Barr 2006a) and field notes remaining data gaps in the southwest corner area included:  

a) general physical properties and reactivity of sediments beneath soft surface sediments; and 

b) thickness of reactive materials beneath soft surface sediments.   

To supplement the RI results obtained previously, supplemental sediment borings were completed in both the 

southwest corner area and the sump area of Village Harbor on November 2 and 3, 2006.  This supplemental RI 

report describes the activities and results associated with the southwest corner area.  The sump area activities 

and results are presented in a separate report. 

1.2 Supplemental Sampling Objectives 

The objectives of the southwest corner area supplemental sampling were to determine the physical 

characteristics, thickness, and reactivity of the coarse-grained or hardened reactive materials present in the 

southwest corner area. 

As previously discussed, this supplemental RI report describes the activities and results associated with the 

southwest corner area.  The sump area activities and results are presented in a separate report. 
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1.3 Supplemental Boring Program Overview 

Three sediment borings were completed in the southwest corner area by STS Consultants, Ltd. (STS), under 

contract to BBL, on November 2 and 3, 2006 at the locations shown on Figure 2.  The sediment borings 

completed as part of this supplemental RI were completed using a barge-mounted drilling rig. The barge-

mounted drilling rig was used to obtain samples from the relatively hard or coarse sediments and to define the 

full sediment thickness of these materials (to refusal) in the southwest corner area.   
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2. Supplemental Investigation 
2.1 Sampling Program 

2.1.1 Sampling Methods  

The sediment borings were completed with a barge-mounted drilling rig which was trailered to the site from 

Green Bay, Wisconsin.  The barge and rig, which measured 11 feet wide by 22 feet long, were placed in the 

harbor at the southwest corner using a crane operated by Petoskey Crane Rental (contracted by STS).  Photos of 

the crane, drilling rig and barge, and the supplemental RI field work activities are included in Appendix A.  In 

the water, the barge was moved between boring locations by a separate 16-foot flat bottom boat with an 

outboard motor that was attached to the barge while motoring.  The boat could also be detached from the barge 

to transport crew to shore.  During drilling, the barge was anchored by driving metal posts attached to the 

corners of the barge (i.e. anchor spuds) into the underlying sediment. 

Prior to beginning drilling activities each day, a safety meeting was held to review potential hazards and safe 

operating practices.  The daily safety meetings were documented on Barr’s Form 4 which was submitted to Mr. 

Jeremy Hutson of Barr at the end of each work day.  In addition, the barge, rig, and boat were checked to ensure 

proper working condition and that all emergency response equipment was on board and working properly.  The 

Boat Safety Checklist (Barr’s Form M-1) was completed at the beginning of both days of drilling.  Prior to 

beginning any field activities, on November 1, 2006, on-site staff from BBL, STS and the crane operators 

(Petoskey Crane Rental) reviewed the site-specific health and safety procedures with Mr. Hutson at the East 

Park job trailer.  Documentation of the site-specific training is maintained at the Barr job trailer. 

The borings were advanced using rotary drilling technique with continuous sampling.  A 2-foot split-barrel 

sampler was first driven into the sediment to collect an undisturbed sample using a standard 140-pound hand-

controlled hammer.  Once the sampler had been driven 2 feet and extracted, the 2-foot sampling interval was 

reamed using the rotary bit (3 7/8-inch tri-cone bit).  After the 2-foot interval was reamed to a diameter of 

approximately 4 inches, a 4-inch steel casing was driven down to seal off the boring and to prevent collapse.  

The steel casing was driven down using the sampler hammer.  Once the boring was terminated, the steel casing 

was removed from the boring and, due to saturated conditions, the boring collapsed. 
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2.1.2 Sampling Locations 

The boring locations were recorded using triangulation by measuring the distance between each boring and at 

least two identifiable locations. Typically the bearing of the corner pilings on the nearest docks were used to 

triangulate the location. Coordinates were based on these reference points and geo-referenced air photos of 

Village Harbor.  Coordinate readings were taken in the field using a hand held global positioning system (GPS) 

meter (Garmin 76 GPS); however, due to the positioning accuracy of the hand-held unit (without a base station), 

the coordinates determined by triangulation from reference points are believed to be most accurate and are the 

reported coordinates (Table 1).  As shown on Figure 2, borings BBL-01(06), BBL-05(06) and BBL-06(06) were 

completed in the southwest corner area. 

2.1.3 Sample Classification and Reactivity Measurement 

All sediment samples were visually classified using the Unified Soil Classification System (USCS) and field 

measurements of reactive material were conducted based on a modification of the field screening procedures for 

testing for potential presence of reactive material described in Barr’s Standard Operating Procedure for Field 

Screening Cement Kiln Dust Samples (SOP).  The SOP was modified slightly in that more distilled water was 

added to each sample to ensure that the subsequent pH reading was representative of the sediment conditions 

and not the residual water present within the sample.  Approximately 4 ounces of distilled water was added to 

each sample instead of the 1 to 2 tablespoons specified in the SOP.  Elevated pH (greater than 9 standard units 

[s.u.]) was presumed due to the presence of reactive material. 

2.1.4 Boring Logs and Sample Photographs 

Sediment borings logs were prepared based on the field notes.  Boring logs and field notes are presented in 

Appendices B and C, respectively.   In addition, photographs were taken of samples, which are included in 

Appendix D. 

The elevation of the soil sample intervals shown in Table 1 was calculated based on the estimated average 

surface water elevation within the marina using Lake Michigan water surface elevation records from the 

National Oceanic and Atmospheric Administration (NOAA) Mackinaw City, Michigan gauging station.  The 

data from this gage were used because the site gage in Bay Harbor was temporarily out of service.  Based on 

comparison of water level readings by the site gage and the Mackinaw City gauging station, the Mackinaw City 

water levels closely match water levels at the site, so any error in the boring log elevations potentially resulting 
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from use of the Mackinaw City gage is believed to be minor.  The average water surface elevation in Village 

Harbor during November 2 and 3, 2006 when the borings were collected was estimated using the value from the 

approximate midpoint of the working hours during which the borings were completed (2:00 p.m. on 

November 2, 2006 and 9:30 a.m. on November 3, 2006).  The elevation datum for the NOAA data is the 1985 

International Great Lakes Datum (IGLD).  All sediment boring sample depths and intervals described in this 

report are based on the IGLD.   
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3. Sampling Results 

The sediment materials encountered in the borings conducted in the southwest corner area are described in the 

following sections.  Sediment pH readings taken on materials from the boreholes are shown in Table 1.   

3.1 Sample Classification and Reactivity Measurement Results 

The borings completed in the southwest corner (BBL-01(06), BBL-05(06), and BBL-06(06)) encountered 

primarily coarse gravel to cobble-size pieces of crushed limestone with a grayish silty/clayey material 

intermixed.  Based on sediment pH readings reported in Table 1, and the appearance of the material 

encountered, these borings appear to contain intervals with reactive materials.  A whitish very fine material is 

evident on the sediment surface throughout the southwest corner of the harbor.  This material was too fine to be 

recovered in the split-spoon sampler.  Soft surface sediment thickness probing results conducted by Barr at 

locations HMD-45 through VHMD-53 (Barr 2006a) indicated a soft surface sediment layer of 0.4 to 2.2 feet 

thick in the vicinity of borings BBL-01(06), BBL-05(06) and BBL-06(06).  Based on observations from the 

probing data collected by Barr, and observations of the boring program, the soft surface sediment thickness is 

highly variable in this area – probably associated with variable surface of the coarser materials underneath 

(placed rip rap, crushed rock remaining from construction of the harbor, etc.).  As shown in Table 1, sediment 

pH values within the southwest corner area range from 9.5 to 11.6 s.u. with a mean value of 10.6 s.u.  The 

sediment pH values generally increase with depth. 

Boring BBL-01(06) 

Boring BBL-01(06) was advanced to a depth of 18.5 feet below water surface (bws) (12.5 feet below sediment 

surface [bss]).  The samples recovered from the split-spoon sampler showed primarily cobble-size limestone 

pieces with some grayish fine-grained sediment intermixed.  When tested, the samples recovered from the 0 to 

2, 4 to 6 and 10 to 12-foot bss intervals showed pH values of 9.5, 9.9 and 10.9 s.u., respectively.  Boring BBL-

1(06) was terminated at the depth of approximately 12 feet bss.  Refusal was not encountered at that depth.    

Boring BBL-5(06)  

As with boring BBL-1(06), cobble-size limestone pieces intermixed with fine-grained sediment were 

encountered in boring BBL-5(06) in the 0 to 2-foot depth interval.  In the 2 to 4-foot interval sample, some 

limestone cobbles were present overlying a dense gray to greenish-gray fine-grained material that produced a 
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pH value of 10.6 s.u.  The boring was terminated at approximately 4 feet bss due to very rough drilling and 

inability to advance the split-spoon sampler (assumed to be bedrock surface, a limestone boulder, or other 

obstruction). 

Boring BBL-6(06) 

Similar to borings BBL-1(06) and BBL-5(06), cobble-size limestone pieces intermixed with fine-grained 

sediment was encountered in boring BBL-6(06) in the 0 to 2-foot bss depth interval.  In the 2 to 4 and 4 to 6-foot 

bss intervals, a dark greenish-gray to white material was observed that produced pH values of 10.8 and 11.0 s.u., 

respectively. Beneath this material, gray sand and gravel intermixed with some fine-grained material was 

encountered that produced a pH value of 11.6 s.u.  Boring BBL-6(06) was terminated at a depth of 

approximately 7 feet bss due to very rough drilling and inability to advance the split-spoon sampler (assumed to 

be bedrock surface or a limestone boulder). 
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4. Discussion 

All of the borings in the southwest area were advanced to refusal with a range of penetration bss of 4 to 12 feet.  

Borings BBL-01(06) and BBL-06(06) are located approximately 20 feet apart in the area targeted for excavation 

in the Alternatives Analysis (Barr 2006a) and were 12 and 8 feet bss respectively.  Boring BBL-05(06) was 

located approximately 70 feet to the north of boring BBL-06(06) within the “U” shape of the existing dock 

(Figure 2).  This boring encountered refusal at a depth of 4 feet bss.   

Historical topographic information identified on a Penn-Dixie, Inc. Phase I existing and proposed grade drawing 

(Site Planning Development, Inc., 1980) suggests that the bedrock depression occupied by the sump area 

extended to the west to the southwest corner of Village Harbor. The bedrock depression was characterized by 

elevations below 550 feet IGLD.  Borings BBL-01(06) and BBL-06(06) are located within this depression, as 

are Barr borings ST-01, ST-02 and ST-03, which are  located on land just west of the BBL borings (as 

documented in the Alternatives Analysis [Barr, 2006a]).  While BBL-01(06) was not terminated as a result of 

refusal, the refusal elevation in BBL-06(06) (562 feet IGLD) indicates that refusal was not on bedrock, but 

another obstruction (boulder, etc.).  Based on an examination of the historical topography, refusal at boring 

BBL-05(06), which is located outside of the bedrock depression, is likely on bedrock.  The bottom elevation of 

this boring (approximately 565.5 feet IGLD) is consistent with historical topographic information. 

As discussed in Section 3.1, boring BBL-01(06) samples showed cobble-size limestone pieces intermixed with 

reactive material.  A distinct reactive material layer was not identified.  Both borings BBL-5(06) and BBL-6(06) 

samples also showed cobble-size limestone pieces intermixed with reactive material to approximately 2 feet bss 

although below this layer, at approximately 2 feet bss a more distinct reactive material layer was identified.  The 

2 to 4-foot interval sample from BBL-05(06) also contained some sand and gravel intermixed with the reactive 

material.  In boring BBL-6(06) gray sand and gravel intermixed with reactive material was encountered at 

approximately 6 feet bss.  Although a soft surface sediment layer may be present in the southwest corner area, 

this layer was not recovered in the split-spoon samples from any of the three borings.   

pH values of the recoverable sediment from the 0 to 2 feet sample at borings BBL-01(06), BBL-05(06), and 

BBL-06(06) were 9.5, 9.9, and 10.2 s.u., respectively.  The pH values in each of the borings from the southwest 

corner area increase with depth below each of these samples, suggesting higher content of reactive material with 

depth in the sediments surface. 
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The limestone cobble mixture identified in the borings may be a mixture of materials from historical disposal, 

material handling practices, demolition, and regrading during the construction of Village Harbor.  Other source 

of the limestone cobbles may be rip rap placed for shoreline protection.  Construction photographs circa 1995 

show this area of the harbor being graded by bulldozers.   
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TABLE 1
SEDIMENT BORING SUMMARY

CMS LAND - BAY HARBOR
VILLAGE HARBOR SOUTHWEST CORNER AREA SUPPLEMENTAL RI BORINGS

General Location Boring Water Depth  
(feet) Northing(3) Easting(3)

Sediment pH(2)

(Standard 
Units)

General Sediment Description 
(see boring logs in Appendix D for more detail)

0 - 2 6.5 - 8.5 570.7 - 568.7 9.5

2 - 4 8.5 - 10.5 568.7 - 566.7 ND(1)

4 - 6 10.5 - 12.5 566.7 - 564.7 9.9

6 - 8 12.5 - 14.5 564.7 - 562.7 ND(1)

8 - 10 14.5 - 16.5 562.7 - 560.7 ND(1)

10 - 12 16.5 - 18.5 560.7 - 558.7 10.9

0 - 2 9 - 11 568.2 - 566.2 9.9 Limestone cobbles/gravel with some fine-grained material 
intermixed.

2 - 4 11 - 13 566.2 - 564.2 10.6 Limestone cobbles/gravel overlying clay-rich dense layer (till?); 
some white CKD-like reactive material present (based on pH value)

0 - 2 8.5 - 10.5 568.7 - 566.7 10.2 Limestone cobbles/gravel with some fine-grained material 
intermixed.

2 - 4 10.5 - 12.5 566.7 - 564.7 10.8

4 - 6 12.5 - 14.5 564.7 - 562.7 11.0

6 - 8 14.5 - 16.5 562.7 - 560.7 11.6 Gray sand/gravel with some clay/silt intermixed
(1)  ND = not done - not enough sample recovered to complete pH test
(2)  Sediment pH was evaluated by mixing a portion of the Sediment sample with distilled water and testing the pH of the resulting leachate.

Sediment Sample 
Interval Elevation(4)

(feet IGLD)

Sediment Sample 
Depth Interval

(feet below water 
surface)

19519240 748750

Sediment Sample Depth 
Interval

(feet below sediment 
surface)

19519220 748660

Southwest Corner

BBL-6 (06) 8.5

BBL-5 (06) 8.9

BBL-1 (06) 6.3 Limestone cobbles/gravel with gray fine-grained material intermixed.

19519220 748680 CKD-like reactive material (based on pH value)

(4)  Elevations are in 1985 International Great Lakes Datum (IGLD) based on an average Lake Michigan elevation of 577.2 feet for November 2 and 3, 2006 taken from the National Oceanic and Atmospheric Administration (NOAA) Mackinaw 
City, MI gauging station.

(3)  Northing and easting locations based on State Plane, Michigan Central zone, North American Datum (NAD) 1983, International Feet.  The boring locations on  Figure 2 were located based on measurements from dock pilings.  The boring 
location coordinates were then back calculated.  The northing and easting values were rounded to the nearest 10 feet based on an estimated relatively accuracy of the field measurements.
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Appendix A 
 

Field Work Photographs 



Barge and rig installed into dock slip                          
(view from southwest)

Barge and rig installed into dock slip                          
(view from southeast)

View of john boat attached to rear of barge

November 1, 2006



View of rig head Moving barge into position

Open split-spoon sampler with sample

November 2, 2006

Attaching smaller diameter rod to advance            
split-spoon sampler



Attaching section of outer casing prior to 
advancement

November 2, 2006

Attaching section of outer casing prior to  
advancement



Boring BBL-06(06) Attaching crane lines to barge

Removing barge from water

November 3, 2006

Lowering barge onto trailer



Barge lowered and secured to trailer Barge leaving site

Crane leaving site

November 3, 2006



 
 

 
 

Appendix B 
 

Sediment Boring Logs 
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Field Notes 
 
 

























 
 

 
 

Appendix D 
 

Sediment Sample Photographs 
 



BBL-05(06) 11-13’BBL-05(06) 9-11’

BBL-01(06) 6.5-8.5’ BBL-01(06) 14.5-16.5’



BBL-06(06) 8.5-10.5’ BBL-06(06) 10.5-12.5’

BBL-06(06) 12.5-14.5’ BBL-06(06) 14.5-15.4’
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Geotechnical Sample Results 
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To:  Project File - 22816 

From: Randy Brown 

Date: 
 
 
cc: 

Re: Geotechnical Sample Results 
Village Harbor 

 

12/07/06 
Edited 11/27/07 
 
 

 
This memorandum summarizes results of geotechnical analyses performed on sediment samples collected 
for Village Harbor at the Little Traverse Bay CKD Release Site, Emmet County, Michigan.  The 
following samples were sent to Materials Testing Consultants, Inc. (Mateco) of Grand Rapids, Michigan, 
for analysis (Barr Chain-of-Custody forms provided in Attachment A): 
 

Sample Date Collected Sample Type Length, inches 
VHARBOR-17-3 9/9/06 1.5” diameter Lexan® core 12.5 
VHARBOR-17-4 9/9/06 1.5” diameter Lexan® core 11 
VHARBOR-17-2 9/9/06 1.5” diameter Lexan® core 12.5 
VHARBOR-17-1 9/9/06 1.5” diameter Lexan® core 14.5 
VHARBOR-14 9/7/06 1.5” diameter Lexan® core 12 

VHARBOR-15-1 9/8/06 1.5” diameter Lexan® core 8 
VHARBOR-15-4 9/8/06 1.5” diameter Lexan® core 12 
VHARBOR-15-2 9/8/06 1.5” diameter Lexan® core 12 
VHARBOR-14-2 9/8/06 1.5” diameter Lexan® core 16 
VHARBOR-14-3 9/8/06 1.5” diameter Lexan® core 16.5 
VHARBOR-15-3 9/8/06 1.5” diameter Lexan® core 16 
VHARBOR-14 9/8/06 Bulk sample, 1-gallon bucket N/A 
VHARBOR-15 9/8/06 Bulk sample, 1-gallon bucket N/A 
VHARBOR-16 9/9/06 Bulk sample, 5-gallon bucket N/A 
VHARBOR-17 9/9/06 Bulk sample, 1-gallon bucket N/A 

 
These samples were submitted for analysis for the following: 
 
• Unconfined compressive strength (UCS) via ASTM Method D2166 
• Grain Size via ASTM Method D422 
• Shear Strength via ASTM Method D3080 
• Consolidation via ASTM Method D2435 
• Bulk Density via ASTM Method D2937 
• Slump Test via ASTM Method C143 
 
In order to conduct these analyses, all available material, including the Lexan® core samples and bulk 
samples, were utilized to run the required tests.  Results are summarized below by test. 
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Unconfined Compressive Strength (ASTM Method D2166) 
Analysis for UCS was performed on five Lexan® core samples:  VHARBOR-14-2, VHARBOR-14-3, 
VHARBOR-15-2, VHARBOR-17-1, and VHARBOR-17-2.  Test reports are included in Attachment B. 
 
The UCS for the five samples ranged from 0.69 pounds per square inch (psi) to 2.31 psi.  The samples 
with lower unconfined strength corresponded to the samples with the highest water content.  UCS results 
are summarized in the following table. 
 

Sample 
Unconfined 
Strength, psi 

Undrained Shear 
Strength, psi Water Content, % 

VHARBOR-14-2 2.31 1.15 40.0 
VHARBOR-14-3 1.89 0.95 50.2 
VHARBOR-15-2 0.98 0.49 82.2 
VHARBOR-17-1 0.70 0.35 197.1 
VHARBOR-17-2 0.69 0.34 259.5 

 
Grain Size (ASTM Method D422) 
Analysis for grain size distribution was performed on six Lexan® core samples:  VHARBOR-14-2, 
VHARBOR-14-3, VHARBOR-15-2, VHARBOR-15-4, VHARBOR-17-1, and VHARBOR-17-2.  Test 
reports are included in Attachment C. 
 
Grain size results indicated that the majority of each sample was comprised of silt and clay-sized 
particles, with over 90% of the material for each of the six samples passed a #200 sieve. Grain size results 
are summarized in the following table. 
 

Sample % Gravel % Sand % Silt % Clay 
VHARBOR-14-2 3.4 2.5 47.1 47.0 
VHARBOR-14-3 6.2 1.8 45.8 46.2 
VHARBOR-15-2 0.0 5.1 61.3 33.6 
VHARBOR-15-4 0.6 4.4 61.6 33.4 
VHARBOR-17-1 0.0 6.3 67.9 25.8 
VHARBOR-17-2 0.0 4.2 63.5 32.3 

 
Direct Shear Strength (ASTM Method D3080) 
Analysis for direct shear strength was performed on the three 1-gallon bulk samples:  VHARBOR-14, 
VHARBOR-15, and VHARBOR-17.  Test reports are included in Attachment D, and summarized in the 
following table (all values in pounds per square foot [psf] except the internal friction angle [degrees]). 
 

Sample 
Ultimate 
Stress, 

Sample 1 

Ultimate 
Stress, 

Sample 2 

Ultimate 
Stress, 

Sample 3 
Cohesion (C) 

Internal Friction 
Angle (Φ) 

(deg.) 
VHARBOR-14 459  718 1,052 90.3 30.7 
VHARBOR-15 459 758 1,042 111 30.3 
VHARBOR-17 349 648 1,007 0 31.5 
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Consolidation (ASTM Method D2435) and Bulk Density (ASTM Method D2937) 
Analyses for consolidation and bulk density were performed on the three 1-gallon bulk samples:  
VHARBOR-14, VHARBOR-15, and VHARBOR-17.  Test reports are included in Attachment E, and 
summarized in the following table. 
 

Sample 
Dry Density 

(lbs./ft3) 
eo Pc, 

 (lbs./ft2) 
Compression 

Index, Cc 
Recompression 

Index, Cr 
VHARBOR-14 42.7 2.910 653 0.47 0.03 
VHARBOR-15 25.7 5.571 207 0.34 0.03 
VHARBOR-17 51.8 2.255 958 1.30 0.05 

 
Slump Test (ASTM Method C143) 
The 5-gallon bulk sample (VHARBOR-16) was combined with all remaining material from the Lexan® 
core samples and 1-gallon bulk samples, and utilized to perform a slump test via ASTM Method C143.  
Mateco laboratory personnel has verbally reported preliminary results of 2-3 inches for the slump test 
result using this combined bulk sample.  Mateco indicated that the bulk sample exhibited a tendency to 
stick to the test apparatus, and that the laboratory would evaluate measures to relieve this tendency to 
stick and re-run the test.  Results of the re-run of this slump test are pending. 
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Armor Design for Erosive Propeller 
Action 
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Excavation Slope Stability Analysis 















































 

Machines  
» Articulated Trucks 

» Backhoe Loaders 

» Cold Planers 

» Compactors 

» Feller Bunchers 

» Forest Machines 

» Forwarders 

» Harvesters 

» Hydraulic Excavators 

» Industrial Loaders 

» Knuckleboom Loaders 

» Material Handlers 

» Motor Graders 

» Multi Terrain Loaders 

» Off-Highway Tractors 

» Off-Highway Trucks 

» Paving Equipment 

» Pipelayers 

» Road Reclaimers 

» Scrapers 

» Skid Steer Loaders 

» Skidders 

» Telehandlers 

» Track Loaders 

» Track-Type Tractors 

» Underground Mining 

» Wheel Dozers 

» Wheel Excavators 

» Wheel Loaders  

 

 

 

385C L HYDRAULIC EXCAVATOR --- Select a Model ---

Overview Specifications Benefits & Features Standard/ 
Optional Equip. 

 
Attachments / 

Work Tools 

SPECIFICATIONS Print Version 
 

 
 
 
Engine Units:  USUS |  Metric 
Engine Model Cat® C18 ACERT™  
Net Flywheel Power 513 hp  
Net Power - ISO 9249 513 hp  
Net Power - SAE J1349 513 hp  
Net Power - EEC 80/1269 513 hp  
Bore 5.71 in  
Stroke 7.2 in  
Displacement 1106 in3  

 
Weights  
Operating Weight 187360 lb  
Operating Weight - Long Undercarriage 187360 lb  

 
Drive  
Maximum Travel Speed 2.8 mph  
Maximum Drawbar Pull - Long Undercarriage 133090 lb  

 
Hydraulic System  
Main System - Maximum Flow (Total) 259 gal/min  
Swing System - Maximum Flow 119 gal/min  
Maximum Pressure - Equipment - Normal 4640 psi  
Maximum Pressure - Equipment - Heavy Lift 5080 psi  
Maximum Pressure - Travel 5080 psi  
Maximum Pressure - Swing 3770 psi  
Pilot System - Maximum flow 24 gal/min  
Pilot System- Maximum pressure 600 psi  
Boom Cylinder - Bore 8.27 in  
Boom Cylinder - Stroke 77.4 in  
Stick Cylinder - Bore 8.66 in  
Stick Cylinder - Stroke 89.1 in  
HB Family Bucket Cylinder - Bore 7.87 in  
HB Family Bucket Cylinder - Stroke 57.1 in  
JB Family Bucket Cylinder - Bore 8.66 in  
JB Family Bucket Cylinder - Stroke 62.4 in  

 
Service Refill Capacities  
Fuel Tank Capacity 327.6 gal  
Cooling System 26.7 gal  
Engine Oil 17.2 gal  
Swing Drive (each) 5 gal  
Final Drive (each) 5.6 gal  
Hydraulic System (including tank) 263 gal  
Hydraulic Tank 214 gal  

 
Configure your machine and 
get a price estimate  
 

 
LOCATE YOUR DEALER 
Get in touch with your local 
dealer for more information 
 

Launch Application 
  

 

Locate Your Dealer

 
 

 
385C L HYDRAULIC 
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Brochure (1420 KB .PDF)  
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Sound Performance  
Performance ANSI/SAE J1166 OCT98  

 
Standards  
Brakes SAE J1026 APR90  

Cab/FOGS 
SAE J1356 FEB88 

ISO10262  
 
Swing Mechanism  
Swing Speed 6.5 RPM  
Swing Torque 191914 lb ft  

 
Track  
Standard w/Long Undercarriage 36 in  
Optional for Long Undercarriage 30 in  
Number of Shoes Each Side - Long 
Undercarriage 

51 
 
Number of Track Rollers Each Side - Long 
Undercarriage 

9 
 
Number of Carrier Rollers Each Side 3  

 
Operating Specifications  
Max Reach at Ground Level 56.4 ft  
Max Digging Depth 38.6 ft  
Bucket Digging Force 64530 lb  
Stick Digging Force 55350 lb  
Max Bucket Capacity 7.06 yd3  
Nominal bucket weight 6795 lb  
Bucket digging force - Normal 64530 lb  

 
Dimensions  
Transport width 151.2 in  
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Appendix F 

 

Cover Slope Stability Analyses – 
Short-Term Condition 

































































Appendix G 

 

Cover Slope Stability Analyses – 
Long-Term Condition 
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